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57 ABSTRACT

A trench MOSFET device includes a semiconductor layer of
a first doping type. MOS transistor cells are in a body region
of a second doping type in the semiconductor layer. The
transistor cells include a first cell type including a first trench
providing a first gate electrode or the first gate electrode is on
the semiconductor surface between the first trench and a
second trench, and a first source region is formed in the body
region. The first gate electrode is electrically isolated from the
first source region. A second cell type has a third trench
providing a second gate electrode or the second gate electrode
is on the semiconductor surface between the third trench and
a fourth trench, and a second source region is in the body
region. An electrically conductive member directly connects
the second gate electrode, first source region and second
source region together.

8 Claims, 3 Drawing Sheets
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"ACTIVE CELL" % PROR
UNIT | 20% | 40% | 60% | 80% | 100%
SUBSTRATE THICKNESS | mil | 400 | 400 | 400 | 400 | 400
Ron @ 4.5V ma | 1207 | 779 | 638 | 567 | 525
Ron @ 8.0V mQ | 642 | 498 | 450 | 426 | 412
Ron @ 10.0V mo | 563 | 459 | 424 | 407 | 397
CISS @ VDSmax/2 OF | 29311 | 586.35 | 878.77 | 1171.00 | 1463.60
COSS @ VDSmax2 pF | 11870 | 118.70 | 11870 | 118.70 | 118.70
CRSS @ VDSmax/2 OF | 1562 | 3124 | 4685 | 6246 | 78.00
Qgth nc | 061 | 122 | 182 | 242 | 302
Qgs nC | 067 | 134 | 194 | 258 | 321
Qgd nC | 050 | 100 | 142 | 198 | 254
Qgs @ 45V nC | 158 | 322 | 471 | 634 | 794
Qgs @ 8.0V nC | 255 | 516 | 763 | 1023 | 1279
Qgs @ 10.0V nC | 310 | 627 | 929 | 1244 | 1557
Qgd*Ron @ 4.5V nemQ | 601 | 779 | 903 | 1120 | 1334
Qgs*Ron @ 4.5V nCmQ | 19.02 | 2506 | 30.07 | 3596 | 41.66
Qgs*Ron @ 8.0V nCmQ | 1635 | 2560 | 3432 | 4356 | 5270
Qgs'Ron @ 10.0V | ncma | 1747 | 2877 | 39.30 | 5065 | 61.79

FIG. 3
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TRENCH MOSFET HAVING REDUCED GATE
CHARGE

FIELD

Disclosed embodiments relate to trench metal oxide field
effect transistors (MOSFETs).

BACKGROUND

Shrinking feature size has been the trend in semiconductor
device ever since the advent of integrated circuit (IC) devices.
Overall, smaller feature size improves device performance.
Examples evidencing this improvement are reflected in the
increase of memory device capacity and the increase of the
computing power of microprocessors. The push for higher
packaging density also leads to 3-dimensional (3D) process-
ing, which place components that used to be located at the top
surface of the device inwardly into the body of the device.
Examples of such processes are through-silicon-vias (TSVs)
and trench metal-oxide-semiconductor field-effect transis-
tors (MOSFETs).

One trench MOSFET design referred to herein as a “planar
gate trench MOSFET” has a planar gate structure with poly-
silicon filled trenches as field plates (sometimes referred to as
“RESUREF trenches) on both sides of the gate stack, a source
in the semiconductor surface between the gate stack and the
trenches, and a drain on the bottom surface of the device. For
purposes of this patent application, the term “RESURF” is
understood to refer to a region/material which reduces an
electric field in an adjacent semiconductor region. A
RESUREF region may be for example a semiconductor region
with an opposite conductivity type from the adjacent semi-
conductor region. RESURF structures are described in
Appels, et. al., “Thin Layer High Voltage Devices” Philips J,
Res. 35 1-13, 1980.

In contrast to a planar gate trench MOSFET, a trench gate
MOSFET, sometimes referred to simply as a trench MOS-
FET, comprises a trench gate structure that is recessed and
perpendicularly oriented relative to the semiconductor sur-
face. A significant feature of trench gate MOSFETs is that it
lacks the Junction Field Effect Transistor (JFET) effect.

In the case of a power trench MOSFET, whether it is a
planar gate trench MOSFET or a trench gate MOSFET (col-
lectively a “trench MOSFET”), it is common to lay out mul-
tiple transistor cells arranged physically and electrically in
parallel across the area of the device. Each cell of a trench
MOSFET has three separate electrical terminals, the source
which is normally shorted to the body, the drain, and the gate.
In a switching application, the trench MOSFET operates
either in an on-state in which current passes vertically
between the source terminal and the drain terminal, or in an
off-state in which virtually no current passes between the
source and drain terminals. The operation of switching on and
switching off for MOSFETs including trench MOSFETs can
be modeled by the charging and discharging of a combination
of equivalent capacitors between the gate electrode and the
body, the source, and the drain. The time it takes to charge and
discharge these capacitors determines the switching speed of
the MOSFET.

SUMMARY

This Summary is provided to introduce a brief selection of
disclosed concepts in a simplified form that are further
described below in the Detailed Description including the

10

25

35

40

45

50

55

60

2

drawings provided. This Summary is not intended to limit the
claimed subject matter’s scope.

Disclosed embodiments recognize the reduction of the cell
pitch for a trench metal-oxide-semiconductor field-effect
transistor (MOSFET) enables higher cell density and reduced
on-resistance (Rdson or Ron) as a consequence, which leads
to reduction of power loss during device operation. As used
herein, the term “trench MOSFET” includes both trench gate
MOSFETs and planar gate MOSFETs having active area
trenches or RESURF trenches (hereafter “planar gate trench
MOSFETs”) on both sides of the gate stack. The Inventors
discovered that incidental to the reduction of the Rdson pro-
vided, the capacitance of the trench MOSFET, especially of
the trench gate MOSFET, due to its inherent process toler-
ances, increases as the interface area between the gate and the
channel region, and the amount of overlap area between the
gate and the source, and between the gate and drain accumu-
late. This increase in capacitance can more than negate the
advantage in the reduction of Rdson obtained from reduced
cell pitch in overall trench MOSFET performance.

With this recognition, trench MOSFETs are described
herein including a plurality of cells having cells including a
first transistor cell type (first transistor cell) that functions as
a conventional active transistor cell which include conven-
tional separate source, drain and gate, and also cells having a
non-standard second transistor cell type (second transistor
cell) where the gate and source are intentionally shorted
together, that along with the drain functions as a diode con-
nected transistor, which when the respective cells are com-
bined, provides enhanced trench MOSFET device perfor-
mance. The improvement in performance provided is
significant for both planar gate trench MOSFETs and trench
gate MOSFETs, but has been found to be more significant
with trench gate MOSFETs as they have a higher gate charge
(Qg) as compared to planar gate trench MOSFETs. The ratio
of first transistor cells to second transistor cells (where the
gate and source are shorted) utilized in a given MOSFET
design together generally depends on the specific circuit
application and objective, keeping in mind that when shorting
the gate to the source there is a slight Rdson penalty for the
overall MOSFET device.

One disclosed aspect is directed to a trench MOSFET
having first transistor cells and second transistor cells that
achieves superior performance through balance of device
Rdson and capacitance. Overall, the trench MOSFET device
includes a plurality of source contact holes over sources and
aplurality of gate contact holes over gate electrodes, in which
for the diode connected transistor cells (second transistor
cells) the gate contact holes and source contact holes are
shorted by a continuous electrically conductive member, such
as a doped polysilicon line or a metallic line. The remaining
gate contact holes associated with the conventional active
transistor cells (first transistor cells) are connected by a sec-
ond continuous conductive member such as a doped polysili-
con line or a metallic line, and their source contact holes by a
third continuous conductive member. The second and third
conductive members are not connected to each other.

With this layout, the gates of the diode connected transistor
cells being shorted to their source do not contribute to the
device capacitance of the trench MOSFET. Trench MOSFET
devices including this disclosed cell structure therefore pro-
vide a reduction in capacitance, which results in a faster
switching speed.

BRIEF DESCRIPTION OF THE DRAWINGS

Reference will now be made to the accompanying draw-
ings, which are not necessarily drawn to scale, wherein:
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FIG. 1 depicts a cross sectional view of an example trench
gate MOSFET including a plurality of conventional transistor
cells and a diode connected transistor cell, according to an
example embodiment.

FIG. 2 depicts an example planar gate trench MOSFET
including a plurality of conventional active transistor cells
and a diode connected transistor cell, according to an example
embodiment.

FIG. 3 shows a data table obtained from Simulation Pro-
gram with Integrated Circuit Emphasis (SPICE) modeling to
simulate Rdson (shown as Ron), various capacitance (C) and
charge (Q) effects obtained by adding different percentages
of disclosed diode connected transistor cells to a trench gate
MOSFET device for Ron @ 4.5V, 8.0V and 10.0V.

DETAILED DESCRIPTION

Example embodiments are described with reference to the
drawings, wherein like reference numerals are used to desig-
nate similar or equivalent elements. [llustrated ordering of
acts or events should not be considered as limiting, as some
acts or events may occur in different order and/or concur-
rently with other acts or events. Furthermore, some illustrated
acts or events may not be required to implement a methodol-
ogy in accordance with this disclosure.

Also, the terms “coupled to” or “couples with” (and the like
such as “connected to””) as used herein in the electrical context
without further qualification are intended to describe either an
indirect or direct electrical connection. Thus, if a first device
“couples” to a second device, that connection can be through
a direct electrical connection where there are only parasitics
in the pathway, or through an indirect electrical connection
via intervening items including other devices and connec-
tions. For indirect coupling, the intervening item generally
does not modify the information of a signal but may adjust its
current level, voltage level, and/or power level.

FIG. 1 depicts a cross sectional view of an example trench
gate MOSFET device 100 (trench gate MOSFET 100) shown
as being an n-channel device (NMOS) comprising several
MOSFET cells including conventional first transistor cells
and a second transistor cell providing a diode connected
transistor cell, which embodies disclosed embodiments. The
5 cells shown include cells 110 comprising a conventional
active transistor cell type (conventional active transistor cell
110) with four such cells shown, along with a cell 120 repre-
senting a diode connected transistor cell 120 (diode con-
nected transistor cell 120). Although generally described
herein as being NMOS devices, disclosed MOSFET devices
may also be PMOS. Moreover, in a practical device, there
may be hundreds or thousands of cells electrically in parallel,
typically with a repetition of a pattern of diode connected
transistor cells 120, such as a diode connected transistor cells
120 every Nth cell.

Trench gate MOSFET 100 is formed on a substrate 196
shown as an n+ substrate that provides a drain for the device
having an n- epitaxial semiconductor layer 180 thereon
which provides an n- drain drift region. The n+ substrate
196/semiconductor layer 180 can comprise silicon; alterna-
tively, the n+ substrate 196/epitaxial semiconductor layer 180
may comprise other semiconductor materials such as germa-
nium, silicon carbide, galliumnitride, gallium arsenide, etc. A
p- doped body region 160 is formed in the semiconductor
layer 180, where n+ doped source regions 150 are formed at
the surface 180a of the semiconductor layer 180 within the
body regions 160.

Conductor filled dielectric lined gate trenches 170/140 and
175/140 provide the gate structure for the respective cells
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110, 120. The gate trench walls are lined with a dielectric film
140 (or liner) that functions as a gate dielectric. In this
embodiment, the dielectric film material can be silicon diox-
ide. Alternatively, the dielectric film material may comprise
other dielectric material such as silicon nitride, or other
dielectrics. The dielectric lined trenches are filled with poly-
silicon or other electrically conductive material such as tung-
sten to form the gate electrode shown as 175 for the diode
connected transistor cell 120 and gate electrode 170 for the
conventional active transistor cells 110.

The gate trenches can be etched from the surface 180a of
the epitaxial semiconductor layer 180. In this embodiment,
the five depicted gate trenches can be processed concurrently
with a pattern step and then an etch step. The trench gate
MOSFET 100 in this embodiment can be formed by a process
flow for conventional trench MOSFETs such as including ion
implantation or dopant diffusion to form the body regions 160
and the source regions 150.

The surface 180a of the semiconductor layer 180 is shown
covered with a dielectric film 190. In this embodiment, the
dielectric film 190 can comprise silicon oxide or silicon
oxynitride. Alternatively, the dielectric film 190 may com-
prise other dielectric materials as known in the art of semi-
conductor device fabrication.

As shown in FIG. 1, the conventional active transistor cells
110 and diode connected transistor cell 120 both include
source/body contact holes 112 which are formed through the
top surface 180a of the semiconductor layer 180 between the
gate trenches through the source regions 150 and the body
regions 160. Although the source/body contact holes 112 are
shown in FIG. 1 extending into the semiconductor layer 180,
disclosed embodiments also include the option of having
planar source/body contacts. The depth of source/body con-
tactholes 112 does not impact the disclosed concept of short-
ing every Nth gate to the source to provide diode connected
transistor cells 120. However, the depth of the source/body
contact holes 112 can change the device performance,
because if too shallow a desired short from the source 150a to
the body region 160 may not be provided, and if too deep then
the breakdown voltage (BV) of the device may be reduced
and its threshold voltage (Vth) may also be changed.

Once filled with an electrical conductor shown as source
metal layer 195 the contact holes short the source regions 150
to the body regions 160 of each cell type 110 and 120, and
short the gate to the source for only the diode connected
transistor cell 120. Source metal layer 195 can be more gen-
erally any electrically conductive material such as tungsten or
doped polysilicon, which in operation is generally grounded.

Diode connected transistor cell 120 is shown including a
gate contact hole 122 that is etched into its gate electrode 175.
The depth of the gate contact hole 122 may or may not be the
same as that of source/body contactholes 112. This is because
while the mesa regions of semiconductor layer 180 in this
embodiment is generally a single crystal material such as
silicon, the gate electrode 175 generally comprises polysili-
con or other electrically conductive material. Unless the
single crystal (e.g., silicon) and the electrically conductive
gate electrode 170 and 175 material in the trenches such as
polycrystalline have identical etch rates with respect to the
etching chemistry used, the dimensions of the gate contact
hole 122 may be different from that of the contact source/
body holes 112 in the mesa regions.

The backside 1964 of the n+ substrate 196 of the trench
gate MOSFET 100 in FIG. 1 is shown covered with a separate
metal film 197. This metal film 197 makes a low resistance
ohmic contact to the n+ substrate 196 which provides the
drain region, which in operation is connected to Vds. Alter-
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natively, metal film 197 may be omitted and the backside
196a of the n+ substrate 196 may instead be mounted to a die
pad of a leadframe. The gate electrodes 170 of the conven-
tional active transistor cells 110 are separately tied together
by another metal or doped polycrystalline element (not
shown) which is connected to the gate electrode terminal of
the device package.

When trench gate MOSFET 100 is an enhancement device,
provided the device is properly biased between gate and
source, an inversion channel forms in the mesa region
between the source region 150 and the drain drift region 180",
adjacent to the dielectric film 140 that lines the trench walls.
When an appropriate potential difference is established
between the source terminal and the drain terminal, electrical
current flows vertically through the channel. If the body
region is doped more heavily with n-type dopant (PMOS), the
current is carried through the channel by holes; if'it is doped
more heavily with p-type dopant (NMOS) as shown in FIG. 1,
electrons.

It takes a finite amount of time for a MOSFET device to
reach this operating condition after external voltages are
applied to the device terminals. In a simplified model, the
trench gate MOSFET 100 may be viewed as a combination of
capacitor components, among them there is a gate to body
capacitor, a gate to source capacitor, and a gate to drain
capacitor.

When the trench gate MOSFET 100 is used as a power
switch in an electrical circuit, the amount of time it takes to
charge and discharge each of the capacitive components
determines the switching speed of the device. As the number
of cells increase per unit area due to the shrinking feature size
of individual trench MOSFET cells, and thus an increased
cell pitch, the total capacitance of the device increases pro-
portionally, where the total capacitance is roughly the arith-
metic sum of the individual cell capacitance. As a result, a
trench gate MOSFET device with a greater number of trench
gate MOSFET cells switches slower.

The trench gate MOSFET 100 also has resistive compo-
nents, among them there is a resistance associated with the
metal (or other conductor) lead, the finer the lead width, the
higher the resistance per unit length. There is also resistance
associated with contacts such as associated with the source/
body contact holes 112. And there is resistance associated
with the n+ substrate 196 and the drain drift region 180' on the
n+ substrate 196. The total resistance of the trench gate MOS-
FET 100 determines the power loss when the device is con-
ducting current. The higher the device resistance when the
switch is in its “on” state, Rdson, the more the power loss.

The performance of a trench MOSFET as a power switch-
ing device is sometimes designated by the product of the
Rdson and the total charge that is needed to fully bias the
device terminals (Qg) being the figure of merit for the device
(FOM), with a lower FOM reflecting better device perfor-
mance. The Inventors discovered that while the trench MOS-
FET’s capacitance increases linearly with the number of
trench MOSFET cells per unit area, the total Rdson decreases
at a slower rate. With this recognition, the Inventors config-
ured trench MOSFET device structures with improved FOM
heretofore not achieved.

As shown in FIG. 1, the diode connected transistor cell 120
has its gate electrode 175 directly connected to the source
metal layer 195 and to its source region 150, where the source
metal layer 195 also shorts the source region 150 to the body
region 160 as is conventionally done. For diode connected
transistor cell 120 this configuration effectively forces the
gate electrode 175, the source region 150 and the body region
160 to all be at the same potential so that the diode connected
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transistor cell 120 no longer contributes capacitance to the
trench gate MOSFET 100 during operation. The inclusion of
a selected portion of the cells for the device being diode
connected transistor cells 120 is recognized to thus reduce the
total trench MOSFET device capacitance.

For example, when every other cell in the trench gate
MOSFET 100 is configured as a diode connected transistor
cell 120, the total trench MOSFET capacitance will be
reduced roughly by 50%. Mathematically, if the gate elec-
trode in every N, gate is shorted to the source to provide a
diode connected transistor cell 120, the capacitance of the
trench gate MOSFET device will be reduced by 1/N.

The ratio of conventional active transistor cells 110 to
diode connected transistor cells 120 is generally from 3:1 to
10:1. For the planar gate trench MOSFETs described below,
the ratio of conventional active transistor cells to diode con-
nected transistor cells is generally larger, such as 10:1 to
100:1. The % of diode connected transistor cells will gener-
ally depend on specific circuit application and the design
objective, keeping in mind that when shorting the gate elec-
trode to the source there is a slight increase in Rdson.

FIG. 2 depicts a simplified cross-section view of an
example planar gate trench MOSFET device 200 (planar gate
trench MOSFET 200), which embodies some disclosed
aspects. The planar gate trench MOSFET 200 includes
dielectric lined trenches (240/241) with a polysilicon filler
240 lined by a dielectric layer 241 to provide field plates
(sometimes referred to as “RESURF trenches) on both sides
of the gate stacks for the conventional active transistor cells
210 and a diode connected transistor cell 220. Conventional
active transistor cells 210 are shown having a gate stack
comprising a gate electrode 270 on a gate dielectric 271, and
diode connected transistor cell 220 is shown having a gate
stack shown as gate electrode 275 on gate dielectric 271.

A n+ doped source region 250 for conventional active
transistor cells 210 and source region 250a for diode con-
nected transistor cell 220 is on the top surface 180a of the
semiconductor layer 180 between the gate stacks and the
trenches 240/241, and the substrate 196 is shown as an n+
substrate which provides a drain for the device having an
semiconductor layer 180 thereon that provides a drain drift
region 180'. Although a single gate is shown for each of the
cells 210, 220, the respective cells may also have a dual gate.
The planar gate trench MOSFET 200 in this embodiment can
be formed by a process tlow for conventional MOSFETs such
as including ion implantation or diffusion to form the p-doped
body regions 260 and source regions 250 and 250aq.

The surface 180a includes a dielectric layer 190 thereon. In
this embodiment, the dielectric film material can be silicon
dioxide. Alternatively, the dielectric film 190 may comprise
other dielectric material such as silicon nitride or other dielec-
trics. As with trench gate MOSFET 100, contact holes 212 are
formed into the planar gate MOSFET 200 through the dielec-
tric layer 190 that enable the source metal layer 195 to short
the source regions 250 and 250q to the body regions 260.

FIG. 2 also depicts a contact hole 222 through the dielectric
layer 190 that reaches the top of the gate electrode 275 for the
diode connected transistor cell 220. The contact holes 212
and 222 are filled with an electrically conductive material
such as tungsten or doped polysilicon, and the conductive
columns are collectively tied to the source metal layer 195.

The gate electrodes 270 for the conventional active tran-
sistor cells 210 are separately tied together by another metal-
lic or polysilicon element which is generally connected to the
gate terminal of the device package. When the planar gate
trench MOSFET 200 is an enhancement device, provided the
device is properly biased, an inversion channel forms in the
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body region 260 under the gate 270. Electrical current flows
through the channel when an electric field gradient is estab-
lished between the source and the drain. If the body region is
doped more heavily with n-type dopant (PMOS), the current
is carried through the channel by holes; if it is doped more
heavily with p-type dopant (NMOS), electrons.

It takes a finite amount of time for a MOSFET to reach this
operating condition, after external voltages are applied to the
device terminals. In a simplified model, the planar gate trench
MOSFET 200 may be viewed as a combination of capacitor
components, among them there is a gate to body capacitor, a
gate to source capacitor, and a gate to drain capacitor.

Similar to the trench gate MOSFET 100 depicted in FIG. 1,
when the planar gate trench MOSFET 200 is used as a switch
in an electrical circuit, the amount of time it takes to charge
each of the capacitive components determines the switching
speed of the MOSFET. As the number of cells increase per
unit device area due to the shrinking feature size of individual
planar gate trench MOSFET cells, the total capacitance of the
device increases proportionally, the total capacitance being
roughly the arithmetic sum of the individual cell capacitance.
As a result, a planar gate trench MOSFET device with a
greater number of cells switches slower.

Similar to a trench gate MOSFET, the planar gate trench
MOSFET device also has resistive components, among them
there is resistance associated with the conductive leads, and
the finer the lead width, the higher the resistance per unit
length. There is also resistance associated with the contacts.
And there is resistance associated with the substrate 196
including and the drain drift region 180'. The total resistance
of'the planar gate trench MOSFET 200, determines the power
loss when the device is conducting current. The higher the
device resistance when the switch is in its “on’ state, Rdson,
the more the power loss.

The performance of a planar gate trench MOSFET as a
power switching device is sometimes designated by the prod-
uct of Rdson and gate charge Qg being the total charge that is
needed to fully bias the device terminals, usually given as
Rdson *Qg or Qgd to obtain the FOM of the device. Occa-
sionally, Rsp is used for the FOM for the device, but then Qg
for the device area would need to normalized. As noted above,
a lower FOM reflects better device performance.

The Inventors discovered that the while the planar gate
trench MOSFET’s capacitance increases linearly with the
number of MOSFET cells per unit device area, the total
Rdson decreases at a slower rate. With this recognition, the
Inventors configured device structures and improved on FOM
heretofore not achieved.

As depicted in FIG. 2, the planar gate trench MOSFET
cells associated with diode connected transistor cell 220 is
inactivated as a transistor and thus functions as a diode con-
nector transistor cell from the switching device as its gate
electrode 275 is electrically connected to its source 250a and
body region 260 by the source metal layer 195. This configu-
ration effectively forces the gate electrode 275, the source
region 250 and the body region 260 to be at the same voltage
so it no longer contributes capacitance to the device. The
inclusion of some ofthe cells being diode connector transistor
cells 220 thus reduces the total MOSFET device capacitance.

When every other cell in the device is inactivated as a
transistor as diode connected transistor cell 220, the total
MOSFET capacitance will be reduced by 50%. Mathemati-
cally speaking, if every N, gate electrode is shorted to the
source to provide a diode connected transistor cell, the
capacitance of the planar gate trench MOSFET device 200
will be reduced by 1/N.

10

15

20

25

30

35

40

45

50

55

60

65

8

Disclosed embodiments allows maintaining an aggressive
cell pitch to meet Rdson objectives and does not requires extra
processing steps, only a modification in cell layout. More-
over, disclosed embodiments do not require the use of TBO
(thick bottom oxide) to reduce Cgd as others have used to
meet Ron objectives.

EXAMPLES

Disclosed embodiments are further illustrated by the fol-
lowing specific Examples, which should not be construed as
limiting the scope or content of this Disclosure in any way.

FIG. 3 shows a data table obtained from SPICE modeling
to simulate Rdson (shown as Ron throughout, and referred to
below as Ron), various capacitance and charge (Q) effects of
adding a different percentages of disclosed diode connected
transistor cells to a trench gate MOSFET for Ron @ 4.5V,
8.0V and 10.0V. CISS, CRSS and COSS @ VDSmax/2 Qgth,
Qgd, Qgs @ 4.5V, 8.0V 10.0V FOM (Qgd*Ron) were calcu-
lated from simulated parameters. Conventional transistor
cells are represented as “active cells” in FIG. 3. The input
capacitance is shown as Ciss, the reverse transfer capacitance
Crss, and the output capacitance as Coss. Regarding the
charges, the gate-to-source charge required to charge gate to
the threshold voltage is shown as Qgth, the gate-source
charge to the Miller plateau voltage (V) as Qgs, and the
gate-drain charge as Qgd from V 4, to the end of the Miller
plateau

Ron is seen to increase as the active cell % decreases;
however, the rate of Ron reduction is less than linear. Since
Ron is comprised of the drain drift region, substrate and FET
channel resistance; the substrate remains same with a change
to the active cell %; while the total FET channel resistance
increases with reduction of active cell %. CRSS is seen to
decrease linearly with reduction of active cell %. CISS=Cgs+
CRSS; both Cgs and CRSS decrease linearly with active cell
% reduction; therefore CISS follows similar trend
COSS=Cds+CRSS; as the source and gate are connected in
the diode connected cells, CRSS for those cells are added to
Cds. Therefore reduction of CRSS are added to Cds which
results constant COSS. Qgth, Qgd, Qgs @ 4.5V, 8.0V and
10.0V are all seen to vary linearly with active cell %. The
FOM, being the product of Qgs and Ron, is seen to decrease
with a reduction in active cells % due to the gate charge falling
at faster rates than rate of increase of Ron.

Those skilled in the art to which this disclosure relates will
appreciate that many other embodiments and variations of
embodiments are possible within the scope of the claimed
invention, and further additions, deletions, substitutions and
modifications may be made to the described embodiments
without departing from the scope of this disclosure.

The invention claimed is:
1. A trench metal-oxide-semiconductor field-effect transis-
tor (MOSFET) device, comprising:

a semiconductor layer of a first doping type to form a drain
region;

abody region of a second doping type positioned above the
drain region;

a source region of the first doping type positioned above the
body region;

an active transistor cell including:

a first gate electrode positioned in a first trench extend-
ing through the source region and the body region;
and

a dielectric liner positioned in the first trench and isolat-
ing the first gate electrode from the source region; and
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a diode-connected transistor cell adjacent to the active
transistor cell, the diode-connected transistor cell
including:

a second gate electrode positioned in a second trench
extending through the source region and the body
region; and

a conductor coupling the second gate electrode with the
source region adjacent to the second gate electrode to
establish a diode structure.

2. The trench MOSFET device of claim 1, further compris-
ing:

an epitaxial layer positioned above the semiconductor
layer, the epitaxial layer defining a drain drift region
under the body region.

3. The trench MOSFET device of claim 1, wherein the first
doping type is n-type, and the active transistor cell includes
n-channel between the drain region and the source region.

4. The trench MOSFET device of claim 1, wherein the first
doping type is p-type and the active transistor cell includes a
p-channel between the drain region and the source region.

5. The trench MOSFET device of claim 1, wherein the first
gate electrode and the second gate electrode both comprise
polysilicon.
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6. The trench MOSFET device of claim 1, wherein the
active transistor cell includes N first gate electrodes posi-
tioned in N first trenches, each extending through the source
region and the body region, the diode-connected transistor
cell includes M second gate electrodes positioned in M first
trenches, each extending through the source region and the
body region such that a ratio of N over M ranges from 3:1 to
10:1.

7. The trench MOSFET device of claim 1, wherein the
conductor includes a metal filled trench extending into the
second gate electrode and connecting to a source metal layer
above the source region.

8. The trench gate MOSFET device of claim 1, further
comprising:

a source contact hole positioned between the first gate

electrode and the second gate electrode, the source con-
tact hole extending into the source region;

wherein the conductor couples the second gate electrode
with the source region via the source contact hole.

#* #* #* #* #*



